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(57) ABSTRACT

A data storage system that 1s adapted for storing 1image data
in digital cameras comprises a temporary data storage circuit
coupled, 1n use, to receive 1mage data from the camera, and
a permanent data storage circuit coupled, 1n use, to receive
image data from the temporary data storage circuit. A control
circuit 1s coupled to the temporary data storage circuit and
the permanent data storage circuit to eflect transfer of 1image
data from the temporary data storage circuit to the perma-
nent data storage circuit upon occurrence ol a predetermined
event. The permanent data storage circuit may be in the form
of a write-once non-volatile memory module, which 1is
replaceable 1n the storage system. The temporary data stor-
age circuit can be a RAM or Flash memory that temporarily
stores a 1mage data from the camera when a picture 1s taken.
Then, the user may review the picture belfore it 1s perma-
nently stored upon the occurrence of the predetermined
event. The predetermined event may comprise, for example,
another picture being taken, removal of power (e.g. turning
the camera ofl), or expiration of a preset time period.

18 Claims, 2 Drawing Sheets
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1
DIGITAL CAMERA MEMORY SYSTEM

FIELD OF THE INVENTION

The present invention relates to the field of digital
memory circuits, and 1n particular to write once memory for
use 1n digital cameras and the like.

BACKGROUND OF THE INVENTION

In a digital camera, an 1mage 1s captured using a digital
image sensor, such as a charge coupled device (CCD) or
CMOS sensor formed 1n an integrated circuit. Signals are
then output from the image sensor to form digital data
representing the captured image. The image data must be
stored 1n order for the captured 1image to be reproduced by
display on a viewing screen, printed on a computer printer,
or the like. Presently, most digital cameras have rewritable
memory built into the camera or provided in a removable
storage media card, for example. The use of rewritable
memory 1s advantageous because it allows the user to easily
discard a stored image if 1t does not meet the user’s
requirement. By discarding the image, the 1mage data 1s
erased from the camera memory, which frees storage space
for more further images. A disadvantage of rewritable
memory 1s that 1t 1s relatively expensive and does not
necessarily provide a permanent record of the image data,
like a photographic negative does for conventional photog-
raphy.

Portable digital cameras for still pictures, for example,
generate large amounts of digital data representing 1images.
Each digital image may require up to several megabytes
(MB) of data storage, and such storage must be available 1n
the camera. To provide for this type of data storage appli-
cation, the storage memory should be relatively low in cost
for suflicient capacities of around 10 MB to 1 gigabyte (GB).
The storage memory should also be low 1n power consump-
tion (e.g. <<l Watt) and have relatively rugged physical
characteristics to cope with the portable battery powered
operating environment. For archival storage, data need only
be written to the memory once. Preferably the memory
should have a short access time (preferably less than 1 ms)
and moderate transier rate (e.g. 20 Mb/s). Preferably, also,
the storage memory should be able to be packaged m an
industry standard interface module, such as PCMCIA or
Compact Flash card.

One form of storage currently used for application in
portable devices such as digital cameras 1s Flash memory.
This meets the desired mechanical robustness, power con-
sumption, transier, and access rate characteristics mentioned
above. However, a major disadvantage 1s that Flash memory
remains relatively expensive ($1.50-$2 per MB). Because of
the price 1t 1s generally unreasonable to use Flash memory
storage as an archive device, thus requiring data to be
transierred from it to a secondary archival storage.

Magnetic “hard disc” storage can be used for archival
storage, even 1n portable devices. Mimature hard disc drives
are available for the PCMCIA type III form factor, oflering
capacities of up to 1 GB. However, such disc drives are still
relatively expensive ($0.5 per MB), at least partially because
of the relatively high fixed cost of the disc controller
clectronics. Minmiature hard drives have other disadvantages
when compared to Flash memory, such as lower mechanical
robustness, higher power consumption (-2 to 4W), and
relatively long access times (~10 mS).

Removable optical storage discs can similarly be used,
and offer one large advantage compared to hard disc. The
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removable optical media 1s very inexpensive, for example of
the order of $0.03 per MB for Minidisc media. However in
most other respects optical disc storage compares poorly
with magnetic hard discs including relatively poor power
consumption, mechanical robustness, bulk, and access per-
formance.

Another form of archival storage 1s described in co-
pending U.S. patent application Ser. No. 09/873,356,
entitled “Non-Volatile Memory”, the disclosure of which 1s
hereby incorporated herein by reference. The memory sys-
tem disclosed therein provides high capacity write-once
memory at low cost for archival storage. Since the data
storage 1s permanent, however, once 1mage data i1s stored
therein it cannot be erased by the user if the 1mage 1s not
suitable.

It would be desirable to provide a storage system for
digital cameras and the like that has advantages of both write
once and rewritable media.

SUMMARY OF THE INVENTION

In accordance with the principles of the present invention,
there 1s provided a data storage system for a portable data
generating appliance, such as a digital camera. The data
storage system has a temporary data storage circuit coupled,
in use, to receive data from the appliance, and a permanent
data storage circuit coupled, 1n use, to receive data from the
temporary data storage circuit. The data storage system
turther comprises a control circuit coupled to the temporary
data storage circuit and the permanent data storage circuit,
the control circuit being adapted to eflect transier of data
from the temporary data storage circuit to the permanent
data storage circuit.

Preferably the data storage system 1s contained in an
interface card that 1s separable from the data generating
appliance and, 1n use, 1s received by the data generating
appliance to provide coupling for data transfer from the data
generating appliance to said temporary data storage circuit.
For example, the data storage system may be contained 1n an
industry standard format interface card of a type currently 1n
use 1n digital cameras, such as a Compact Flash, PCMCIA,
Smart Media, Scan Disk card, or the like.

In the preferred form of the mvention the permanent data
storage circuit comprises a non-volatile memory module that
1s detachably coupled to the data storage system to allow a
plurality of different memory modules to be used 1n a single
data storage system. For example, the memory module may
be removable and replaceable in the interface card. This
allows a memory module containing write-once memory to
be replaced when 1t has reached its data storage capacity
with another, empty memory module, for example.

The temporary data storage circuit preferably comprises
RAM or Flash memory and has a storage capacity suilicient
to store data comprising at least one picture from the digital
still image camera. The permanent data storage circuit has
storage capacity suflicient to store a plurality of pictures.

The control circuit 1s preferably operative to effect trans-
fer of data from the temporary data storage circuit to the
permanent data storage circuit upon occurrence ol a prede-
termined event. The predetermined event may comprise
expiration of a predetermined time period from the data
being received in the temporary data storage circuit from the
data generating appliance.

The predetermined event may also comprise further data
being received by the temporary data storage circuit from
the data generating appliance. In that case, the control circuit
can simultaneously control transfer of data from the tempo-
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rary data storage circuit to the permanent data storage circuit
and transier the further data from the data generating appli-
ance 1nto the temporary data storage circuit.

In one form of the invention the data storage system
derives primary operating power ifrom the data generating
appliance, wherein the predetermined event comprises dis-
connection of power supply ifrom the data generating appli-
ance to the data storage system. In that case, 1t 1s preferred
that the data storage system include a short term power
supply circuit adapted to supply power to the data storage
system suflicient to transier the data contents of the tempo-
rary data storage circuit to the permanent data storage
circuit.

In accordance with the present invention, there 1s also
provided a data storage device for a digital camera, com-
prising a temporary data storage circuit coupled, in use, to
receive 1mage data from the camera, and a permanent data
storage circuit coupled, 1n use, to receive 1mage data from
the temporary data storage circuit. The data storage device
also 1ncludes a control circuit coupled to the temporary data
storage circuit and the permanent data storage circuit, the
control circuit being adapted to eflect transfer of image data
from the temporary data storage circuit to the permanent
data storage circuit upon occurrence of a predetermined
event.

Preferably the permanent data storage circuit comprises a
non-volatile memory module that 1s replaceable in the data
storage device to allow a plurality of different memory
modules to be selectively used therein. The non-volatile
memory module preferably contains write-once memory
suilicient to store image data for a plurality of pictures from
the camera.

In a preferred embodiment the data storage device 1s
contained in an interface card that 1s separable from the
camera and, in use, 1s received by the camera to provide
coupling for transfer of image data from the camera to the
temporary data storage circuit.

In one form of the mvention the temporary data storage
circuit comprises RAM with capacity suflicient to store
image data for at least one picture from the camera.

The predetermined event may comprise, for example,
expiration of a predetermined time period from the image
data being received in the temporary data storage circuit
from the camera.

The predetermined event may also comprise further
image data being received by the temporary data storage
circuit from the camera. In that case, it 1s preferred that the
control circuit be eflective to simultaneously control transfer
of 1mage data from the temporary data storage circuit to the
permanent data storage circuit and transier the further image
data from the camera 1nto the temporary data storage circuit.

Where the data storage device derives primary operating,
power from the camera, the predetermined event may com-
prise disconnection of power supply from the camera to the
data storage device. Preferably the data storage device
includes a short term power supply circuit adapted to supply
power to the data storage device in the absence of power
from the camera suflicient to transfer the image data contents
of the temporary data storage circuit to the permanent data
storage circuit.

In accordance with the present invention, there i1s also
provided a method for image data storage i a digital
camera. The method includes obtaining 1mage data gener-
ated by the digital camera representing at least one picture,
and storing the image data 1n a temporary data storage circuit
coupled to the digital camera. The method also includes
transferring the 1mage data from the temporary data storage
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circuit to a permanent data storage circuit coupled to the
digital camera upon occurrence of a predetermined event.

The predetermined event may comprise expiration of a
predetermined time period from the storage of the image
data 1n the temporary data storage circuit. The predeter-
mined event may also comprise obtaining further image data
generated by the digital camera.

Preferably the temporary data storage circuit and said
permanent data storage circuit are contained in an interface
card that 1s removable from the digital camera.

Preferably the permanent data storage circuit comprises
write-once memory that 1s contained 1n a memory module
that 1s removable from the interface card. The temporary
data storage circuit may comprise RAM or Flash memory,
for example, suflicient to store image data for a single
picture from the camera. The memory module provides
storage capacity for a plurality of pictures.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention 1s described 1n greater detail hereinatter, by
way ol example only, through description of a preferred
embodiment thereot and with reference to the accompanying
drawings in which:

FIG. 1 1s a block diagram of an appliance with a memory
system according to an embodiment of the invention;

FIG. 2 1s a functional block diagram of the memory
system:

FIG. 3 1s a more detailed functional block diagram of the
memory system;

FIG. 4 1s a flow-chart diagram illustrating operational
procedures of the memory system;

L1

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMEN'T

A memory storage system, and method for implementing
such a system, suitable for portable data producing appli-
ances such as digital cameras are disclosed herein. In the
tollowing description, for purposes of explanation, specific
nomenclature and specific implementation details are set
forth to provide a thorough understanding of the present
invention. However, 1t will be apparent to one skilled in the
art that these specific details are not necessarily required 1n
order to practice the present invention.

In the following description, where “data’ 1s referred to it
will be appreciated that such “data” may be represented in
various ways depending upon the context. As an example,
“data” 1n a memory cell might be represented by a voltage
level, a magnetic state, or a physical characteristic such as
clectrical resistance that presents a measurable eflect such as
voltage or current level or change to a sensing circuit, for
instance. On the other hand, whilst on a bus or during
transmission such “data” might be 1n the form of an elec-
trical current or voltage signal. Furthermore, herein “data™ in
most circumstances 1s primarily binary 1n nature which may
for convenience be referred to as represented by states of “0”
and “17, but it will be appreciated that the binary states 1n
practice might be represented by relatively different volt-
ages, currents, resistances or the like and it 1s generally
immaterial whether a particular practical manifestation rep-
resents a “0” or a 17,

A preferred embodiment of the present invention com-
prises a replaceable memory storage system for a digital
camera that may employ data storage circuits and devices of
the type described in the atorementioned co-pending U.S.
patent. In order to provide a thorough understanding of the
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invention, the following detailed description 1s therefore
presented 1n the context of such a data storage circuits and
devices, although those skilled 1n the art will recogmize that
the mvention 1s not limited 1n application to the described
structure.

An embodiment of the present invention that 1s described
in detail hereinafter provides a memory system that utilizes
write-once memory. The memory system of the preferred
embodiment 1s particularly useful for data storage in data
generating appliances such as digital cameras and the like,
although those skilled in the art will appreciate that the
memory system and its various components and aspects can
also be used m other applications. The preferred embodi-
ment as described hereinafter 1s constructed to allow write-
once memory to be used 1n place of rewritable memory 1n a
digital camera. In the described embodiment, the memory
system 1s 1ncorporated into an industry standard portable
interface card (PCMCIA or Compact Flash, for example) so
that 1t can be used 1n existing and future products with such
interfaces. It will be recognized, however, that the memory
system of the invention may alternatively be incorporated 1n
a custom designed interface, as desired.

A data generating appliance 1n the form of a digital still
camera 2 1s illustrated in block diagram form i FIG. 1,
interfaced with a removable memory card 10 constructed
according to the preferred embodiment of the invention. The
memory card 10 plugs mto the camera body, for example,
establishing electrical connection through a card interface 12
enabling communication between the card 10 and camera 2.
The card 10 comprises a write-once memory module 20 and
module mterface circuitry 14. The module interface circuitry
14 1s coupled to the camera through the card interface 12 and
1s connected to the memory module 20 for communication
through a module interface 16.

The memory card 10 1s removable from the camera 2 and
constructed 1n the manner of a conventional camera memory
card, such as a Compact Flash, Secure Digital (SD), Smart-
Media or PCMCIA card contaiming flash memory. The
memory module 20 provides circuitry for non-volatile write-
once data storage to store data representing pictures taken by
the camera. The memory module, 1n the preferred embodi-
ment, 1s constructed in accordance with the description in
the aforementioned co-pending US patent application,
although 1t 1s possible to employ other forms of non-volatile
memory for this function in the alternative. The memory
module preferably provides substantial data storage capa-
bility (e.g. tens to thousands ol megabytes) to enable a
plurality of digital pictures from the camera to be stored
therein, either 1n a compressed or uncompressed format as
appropriate for the particular camera. In the preferred imple-
mentation of the present invention the memory module 1s
removable from the memory card to enable a plurality of
different memory modules to be used in the same memory
card. This enables the memory module to be replaced in the
memory card when the limit of the memory module storage
capacity has been reached.

Since the memory module 20 contains write-once
memory, 1t 1s appropriate for archival data storage wherein
the data, once stored, 1s preserved. This 1s somewhat like a
photographic film, where pictures are stored thereon once,
and the developed film i1s kept as a permanent record.
Theretfore, once the memory module 20 has been filled to
capacity with data, another 1s required for further data
storage. It would be possible to simply replace the entire
memory card 10 in the camera 2, however that would mean
the interface and control circuitry, as well as the memory
card structure, 1s archived along with the memory module.
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In order to reduce the data storage costs 1t 1s desirable that
reusable and relatively expensive components of the
memory system not be permanently coupled to the actual
storage memory, and for that reason the memory module 20
1s removable from the memory card 10 in the preferred
embodiment. The bulk of the memory card 10 thus involves
a one-ofl cost, and the memory modules 20 for insertion
therein are fabricated inexpensively as discussed further
hereinbelow.

Write-once data storage means that, effectively, data can
only be written once to the memory and thereafter 1t remains
unchangeable. In many forms of write-once memory 1t 1s not
strictly true that the data stored therein cannot be changed at
all after being 1nitially written, however 1n general 1t cannot
be changed arbitrarily, as those skilled in the art will
appreciate. For example, most write-once memories are
fabricated with each memory cell in a first binary state (e.g.
representing a binary data “0”), and during a write procedure
selected memory cells are changed 1nto a second binary state
(e.g. to represent the binary data “1”’s). Often the change 1n
the memory cell from the first binary state to the second 1s
irreversible, such that once a data “1”° 1s written 1t cannot be
changed back to a data “0”. Thuis restricts the changes to the
stored data that can be made after 1t has been written to the
memory, wherein arbitrary data can only be written once and
thereafter data “0”’s, for example, can only be changed to
data “1”’s, and not the other way around.

For coupling between the module interface circuitry 14
and memory module 20 1n the memory card 10, the module
interface 16 1s provided. Physically, the module interface 16
receives the memory module and provides electrical con-
nections between the interface circuitry and memory mod-
ule. Thus, a suitable form of plug and socket arrangement
may be employed, although the most appropnate structure
depends strongly upon the actual number of connections to
be made. Connecting contacts on the memory module can be
formed on the external surface thereof, for example, to
enable edge connection schemes or land grid array (LGA)
connections. Many kinds of connection schemes are pos-
sible, as will be recognized by those of skill in the art, for
implementation without undue difliculty.

The module interface circuitry 14 includes memory mod-
ule control circuitry for control, interface, detection, error
correction coding (ECC) and the like for each removable
memory module 20 when 1t 1s received 1n the card. Broadly,
the memory module control circuitry implements the func-
tions required to write data to and read data from the
memory module in the memory card. The memory module
control circuitry for use with the preferred write-once
memory may generally resemble an “Al” style disk con-
troller circuit, further including error correction (ECC) and
defect management functions, as well as functions required
to operate the memory module 20. These functions include:

writing to the memory module including setting write

voltages, setting write enable lines and controlling
power supply striping;

addressing the memory by converting logical addresses to

address line patterns required to access physical
memory locations;

data read processing of sense line outputs; and

parallel to serial conversion if required.

FIG. 2 1s a functional block diagram of the memory card
10 illustrating an additional feature of the module interface
circuitry 14. In the memory card 10 shown i1n FIG. 2 the
module iterface circuitry 14 includes control circuitry 22
and temporary data storage memory 24. The temporary
storage memory may comprise RAM, for example, and has
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suilicient capacity (e.g. several megabytes) to store data
representing a single picture from the camera 2. The RAM
24 acts as a form of bufler memory in a manner and for
reasons discussed further herein below. Generally speaking,
the temporary data storage memory 1s provided to store
image data from the camera before it 1s passed to the
write-once memory module. This allows an opportunity to
discard the image data, 1f desired, before 1t 1s permanently
stored 1n the memory module 20.

FIG. 3 1s a functional block diagram of the memory card
10 showing greater detail of functional elements within the
module interface circuitry block 14. As shown, the module
interface circuitry 14 is coupled between a physical interface
connector 26 and the memory module 20. The physical
interface connector 26 1s adapted to connect with a standard
card connector in the camera, for example a PCMCIA or
Compact Flash card connector. An appliance interface cir-
cuit 30 1s coupled to the interface connector such that
command signals passed from the camera to the memory
card are recerved by the appliance interface circuit. The
appliance interface circuit 30 1s coupled to a temporary
storage memory control read/write circuit 1n the form of a
DMA controller 32 or the like. The DMA controller 32 1s
coupled to the RAM 24 and to the memory module control
circuit 34. The memory module control circuit 34 1s coupled
to the write-once memory module 20.

The general operation of the memory card 10 1s as
tollows. When a picture 1s taken by the digital camera 2, the
image sensor therein generates image data representing the
picture. Such image data 1s transierred through the interface
connector 26 and, under control of the appliance interface
circuit and DMA controller, stored in the temporary storage
RAM 24. The image data remains stored in the temporary
storage RAM until a occurrence of a predetermined event,
such as a signal received by the appliance interface circuit
from the camera for example. Upon occurrence of the
predetermined event the image data stored 1n the temporary
storage RAM 1s therefrom using the DMA controller 32 and
written 1nto the write-once memory module storage 20 using,
the memory module control circuit 34.

A more detailed explanation of the operation of the
memory card in the preferred implementation 1s provided
below with reference to FIG. 4 which 1s a flowchart diagram
of the memory card general operating procedure 100. The
functions of the procedure 100 may be carried out by, or
under the control of, the appliance interface circuit 30. Those
functions that are not performed by the appliance interface
circuit 34 are carried out by other elements of the memory
card, as will be readily apparent from the description that
follows.

When a picture 1s taken by the digital camera, image data
1s generated as and passed to the memory card 10 by way of
clectrical connections through the card interface connector
26. The mcoming data, or a preceding control signal indi-
cating that incoming data 1s to follow, 1s determined by the
appliance interface circuit at 102. The image data incoming
from the digital camera 1s written to the temporary storage
RAM 24 using the DMA controller 32. This stores the image
data for the last picture taken by the camera 1n the temporary
memory so that 1t may be manipulated (e.g. deleted) before
it 1s permanently stored in the write-once memory module
20. At the time the image data 1s written to the RAM (at
104), a timer 1s started which keeps account of how long the
image data has been held 1n the temporary storage memory.

One of the functions that digital camera users have
become accustomed to through the use of re-writable image
data storage media 1s the ability to erase an image that 1s
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unsatisfactory for whatever reason. Using write-once stor-
age memory, 1 the image data were stored immediately
therein following its generation, it could not be later com-
pletely erased it it were not required for continued storage.
The temporary storage RAM provides an interim storage
facility to enable the user selective erasure of an 1mage to be
implemented with a write-once storage medium.

Whilst the image data is stored 1n the temporary storage
RAM, a representation of the image may typically be
displayed on a display screen or the like of the camera to
allow the user to view the picture just taken. If the picture
viewed by the user 1s unsatisfactory for some reason, the
user may press a button on the camera to discard the picture.
This action 1ssues an erase command to the memory card,
which 1s recetved by the appliance interface circuit at 106.
If an erase command 1s received from the camera at 106, the
image data 1s erased from the RAM at 108, and the proce-
dure then returns to await further mncoming image data at
102.

If no erase command 1s received from the camera at 106
then the atorementioned timer 1s examined at 110. If the
timer 1indicates that a predetermined time period has elapsed
since the image data was stored in the RAM, then the image
data 1n RAM 1s transferred to the permanent storage in the
memory module at 112. This function 1s based on the
assumption that, if the user does not 1nstruct destruction of
the picture (1.e. an erase command) within a certain time
period, then the user wishes to retain the picture and so the
image data may be transferred to the permanent storage
memory.

The power for the memory card 10 would typically be
provided from the digital camera power source. This means
that the power supply to the memory card may be cut 11 the
camera 1s turned ofl, the camera power supply 1s depleted,
or the memory card removed from the camera. Accordingly,
it 1s desirable that the memory card include a short-term
internal power supply such as a capacitive storage element,
small rechargeable battery or other power storage compo-
nent (not i1llustrated in the drawings). The short term 1nternal
power supply should be sutlicient to supply power to the
memory card circuitry in the absence of external power for
an amount of time suflicient to transfer the contents of the
RAM 24 to the non-volatile memory module 20. This allows
any 1mage data in the temporary storage RAM to be safely
stored 1n the memory module 20 in the event of a loss of
external power to the memory card for whatever reason. The
procedure 100 tests for such a power loss at 114 and, if
detected, the image data 1s transiferred from RAM to the
memory module at 112. Otherwise the procedure continues
to 116.

Another event that necessitates transferring 1mage data
from the temporary storage RAM to the memory module 1s
when a new picture 1s taken by the camera 2. At 116 the
procedure 100 determines if new 1mage data 1s mmcoming
from the camera, representing a new picture. Alternatively,
a control signal indicating that a new picture has been taken
and that new 1mage data 1s to follow could be used as a
determinant at 116. If no new 1mage data 1s indicated at 116
the procedure returns to 106 to check for an erase command.
If new incoming image data 1s indicated at 116 then 1t 1s
necessary to store the new data in the temporary storage
RAM 24. Accordingly, the DMA controller 32 1s used at 118
to simultaneously: 1) read existing data from the RAM and
pass 1t to the memory module control circuit to be written to
the memory module non-volatile storage; and 2) write new
image data mcoming from the camera to the RAM 24,
overwriting only the existing data that has at the time already
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been transferred to the memory module. Once the previous
picture has been stored 1n the memory module and the new
picture has been stored 1n the RAM, the storage timer 1s set
and the procedure returns to 106.

As described 1n the specification of the referenced co-
pending U.S. patent application, the memory module suit-
able for use 1n the memory card of the preferred embodiment
1s able to provide data storage in capacities suflicient to store
numerous digital photographs and can be produced at rela-
tively low cost. For example, a high capacity storage device
(e.g. 100 MB to over 1 GB) may be provided at low cost
(e.g., less than about $5) for permanent archival image data
storage.

As the data storage in the memory module 1s separate
from the circuitry responsible for controlling the read/write
functions thereof, and the memory module can therefore be
replaced when 1t has reached storage capacity and another
memory module can be used with the same control circuitry.
This means that the reusable components of the memory
card do not have to be replaced when more data storage 1s
required. Also, the interface and control circuitry can be
relatively complex because 1t 1s not limited by the memory
module fabrication process, and can be relatively expensive
since 1t represents a one time cost in the memory system.
This can be exploited by providing sophisticated error
detection and correction capability in the interface and
control circuitry which allows the memory system to be
error tolerant despite remote sensing and able to cope with
imperiectly fabricated memory modules thereby increasing
the number of useable memory modules from an impertfect
fabrication process yield.

Compared to Flash memory cards currently in use in
digital cameras, the memory system of the preferred
embodiment has several advantages. The memory system of
the preferred embodiment allows for digital image storage at
lower cost, greater volumetric density, and permanence.
Such a memory system represents to digital photography
what film 1s to conventional photography, whilst maintain-
ing the convenience of allowing for discard of a picture that
turns out to be undesired betfore that picture 1s permanently
stored. The material and fabrication costs are low enough
that the memory modules may be accepted as a consumable.
An 1rreversible write process provides a permanent archive
ol photos, as the negative does for conventional photogra-
phy. This 1s not the case with Flash memory, which requires
the user to select a secondary archive medium and transier
the data to that medium. The large volumetric storage
density that can be provided by the memory system of the
preferred embodiment allows suflicient memory to be fit into
compact form factors, and thereby enables new use models,
such as video, for digital photography. Compared to the
other storage modalities mentioned above (hard disc, remov-
able optical disc, or tape) the present memory system and
Flash memory share the same advantages ol mechanical
robustness, low power consumption, compactness, and rapid
access.

The foregoing detailed description of a preferred embodi-
ment of the present invention 1s presented by way of
example only, and many variations to the circuits, structures,
arrangements and processes described are possible without
departing ifrom the scope of the invention. For example, the
memory system of the preferred embodiment 1s described
primarily in the context of a removable memory module for
use 1n an industry standard interface card, such as PCMCIA,
Smart Media, SD, MMC or Compact Flash, or in a custom
interface card. However, 1t will be recognized that compo-
nents that are described herein as being imncorporated in the
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memory card 10 may equally be embedded in or combined
with components of the digital camera 1itself. The memory
module that provides the write-once storage should be
removable to allow for additional picture storage with a new
module, but the other components of the memory card may
remain in the camera. On the other hand, whilst the memory
1s described as being separate from controlling circuitry 1n
order to reduce the cost of a removable memory module, 1t
1s also possible to use a umfied structure where controlling
circuitry 1s incorporated into the removable memory module
package. This may be appropriate where very large (and
relatively more expensive) memory modules are constructed
where the controlling circuitry cost 1s a smaller proportion of
the consumable module cost or potential sale price.

The principles of the present invention can be applied
with many other variations to the circuits, structures,
arrangements and processes described herein, as will be
apparent to those of ordinary skill i the art, without
departing from the scope of the invention as defined 1n the
appended claims.

We claim:

1. A data storage system for a portable data generating
appliance comprising:

a temporary data storage circuit coupled, 1n use, to receive
data from the appliance, where the temporary data
storage circuit has a storage capacity suilicient to store
data comprising at least one picture from the appliance;

a permanent data storage circuit coupled, i use, to
receive data from the temporary data storage circuit;
and

a control circuit coupled to the temporary data storage
circuit and the permanent data storage circuit, wherein
the control circuit monitors the amount of time that data
1s held 1n the temporary data storage circuit and, after
data 1s held 1n the temporary data storage circuit for a
predetermined time period, causes the data to be trans-
ferred to the permanent data storage circuit; and

the control circuit 1s further operative to eflect transter of
data from the temporary data storage circuit to the
permanent data storage circuit upon occurrence of
further data being received by the temporary data
storage circuit from the data generating appliance.

2. A data storage system as claimed in claim 1, wherein

the portable data generating appliance 1s a digital camera.

3. A data storage system as claimed 1n claim 2, wherein
the portable data generating appliance 1s a digital still image
camera.

4. A data storage system as claimed 1n claim 1, wherein
the data storage system 1s contained 1n an 1nterface card that
1s separable from the data generating appliance and, 1n use,
1s received by the data generating appliance to provide
coupling for data transier from the data generating appliance
to said temporary data storage circuit.

5. A data storage system as claimed 1n claim 1, wherein
the permanent data storage circuit comprises a non-volatile
memory module that 1s detachably coupled to the data
storage system to allow a plurality of different non-volatile
memory modules to be used 1n a single data storage system.

6. A data storage system as claimed in claim 4, wherein
the permanent data storage circuit comprises a non-volatile
memory module that 1s replaceable 1n the interface card to
allow a plurality of different memory modules to be used 1n
a single data storage system.

7. A data storage system as claimed 1n claim 3, where the
storage capacity 1s suflicient to store data comprising sub-
stantially one picture from the digital still image camera.
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8. A data storage system as claimed 1n claim 7, wherein
the temporary data storage circuit comprises RAM.

9. A data storage system as claimed 1n claim 7, wherein
the temporary data storage circuit comprises Flash memory.

10. A data storage system as claimed in claim 1, wherein
the permanent data storage circuit comprises non-volatile
write-once memory.

11. A data storage system as claimed 1n claim 1, wherein
the control circuit causes the data to be transferred to the
permanent data storage circuit after the predetermined time
period an erase command 1s not received by the control
circuit during the predetermined time period.

12. A data storage system as claimed 1n claim 1, wherein
the control circuit i1s eflective to simultaneously control
transier of data from the temporary data storage circuit to the
permanent data storage circuit and transfer said further data
from the data generating appliance 1nto the temporary data
storage circuit.

13. A data storage system as claimed in claim 1, wherein
the data storage system derives primary operating power
from the data generating appliance, and wherein the prede-
termined event comprises disconnection of power supply
from the data generating appliance to the data storage
system.

14. A data storage system as claimed in claim 13, includ-
ing a short term power supply circuit adapted to supply
power to the data storage system suflicient to transier the
data contents of the temporary data storage circuit to the
permanent data storage circuit.

15. A method for storing 1mage data for a digital camera,
comprising;

obtaining 1mage data generated by the digital camera

representing at least one picture;

storing said image data in a temporary data storage circuit

coupled to the digital camera;

monitoring the amount of time that said image data 1s held

in the temporary data storage circuit;

after said 1mage data 1s held 1n the temporary data storage

circuit for a predetermined time period, transferring
said 1mage data from said temporary data storage
circuit to a permanent data storage circuit coupled to
the digital camera;
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obtaining further image data generated by the digital
camera representing at least one picture; and

transferring said image data from said temporary data
storage circuit to said permanent data storage circuit
upon obtaining said further image data.

16. A method as claimed 1n claim 15, further comprising:

monitoring whether an erase command 1s received,
wherein said image data 1s transferred from said tem-
porary data storage circuit to said permanent data
storage circuit after the predetermined time period 1f an
crase¢ command 1s not received during the predeter-
mined time period.

17. A method as claimed 1n claim 135, further comprising:
testing for a power loss; and

transierring said image data from said temporary data
storage circuit to said permanent data storage circuit
upon determining that a power less has occurred.

18. A data storage system for a portable data generating

appliance comprising:

a temporary data storage circuit coupled, 1n use, to receive
data from the appliance, where the temporary data
storage circuit has a storage capacity suflicient to store
data comprising at least one picture from the appliance,
wherein the appliance 1s a digital still image camera
and the storage capacity 1s suflicient to store data
comprising substantially one picture from the digital
still 1mage camera;

a permanent data storage circuit coupled, mm use, to
receive data from the temporary data storage circuit;
and

a control circuit coupled to the temporary data storage
circuit and the permanent data storage circuit, wherein
the control circuit monitors the amount of time that data
1s held 1n the temporary data storage circuit and, after
data 1s held 1n the temporary data storage circuit for a
predetermined time period, causes the data to be trans-
ferred to the permanent data storage circuit; and

wherein the temporary data storage circuit comprises flash
memory.
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